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This paper describes wind, diesel and solar powered pumping systems as 
used in remote areas to provide water for both human and animal 
consumption. A method of econo~ic analysis is outlined. 
The scope of this paper is restricted to small scale installations in 
Australia where mains electric power is not available. If mains power 
is available, especially if it is subsidised (as it is in rural 
Western Australia) it is the logical choice of power supply. It is 
common practice to change diesel pumping systems to mains power when 
this becomes available, using the diesel as back up only. 
DESCRIPTION 
1 Wind Power 
Windmills are the most common form of remote pumping, 
particularly for pastoral applications. They may have higher 
initial costs than a diesel pump of similar capacity but usually 
have no fuel costs and lower repair and maintenance costs. 
Windmills are a tried and proven technology. but rep-airs can be 




a) Some sites may not receive enough wind to make a windmill 
economic. 
b) Some cyclone areas receive occasional very strong winds 
which may damage or destroy the windmill. 
c) Windmills require regular checking for possible mechanical 
failure. 












2 Diesel Power 
Diesel powered pumps usually have lower initial costs than a 
windmill of the same capacity. They also have economy of scale. 
Maintenance and fuel costs are higher than those of a windmill 
but being a ·technology widely used for other purposes as well 
maintenance staff are usually more easily obtained. In some 
locations fuel may be very expensive or difficult to obtain. 
The major disadvantages are, therefore: 
a) Continual need for fuel, routine maintenance and service. 
b) High maintenance and operating costs. 
The motor is usually at ground level and drives either a positive 
displacement or centrifugal pump. The actual pump can also be at 










3 Solar Power 
Solar powered pumps usually have higher initial costs than 
windmills or diesel pumps but have lower operating and 
maintenance costs. This high initial cost, and reservations 
about what is seen to be a new technology, has made market 
penetration slow. While not being as popular as wind or diesel 











Various types of solar pumps are available. Most fall into the 
following categories: 
a) Submerged multi-staged motor/pump subsystem 
b) Submerged pump, shaft driven by a motor at ground level 
c) Submerged reciprocating pump rod-driven from ground level 
( wi ndmi 11 type) 
d) Floating motor/pump subsystem 
e) Ground level mounted motor/pump subsystem (diesel type) 
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Set out below is a more detailed description of solar pumping 
systems: 
i) Solar Array 
The solar array converts sunlight into electrical energy. 
It consists of one or more solar modules mounted on a frame 
facing north (in the southern hemisphere). The modules are 
wired to produce the required electrical output. Although 
the modules are by far the largest cost in the solar 
pumping system they are very reliable and have a life of 
nominally twenty years. 
ii) Solar Tracker 
The performance of the system can be improved by mounting 
the array on a solar tracker. A tracker is a mechanical 
device which faces the modules to the sun, so improving the 
daily output. A range of trackers has been developed for 
this purpose. Depending on the type, reliability can be a 
problem. 
iii) Electronic Controller 
The controller may be called a maximiser, a maximum power 
point tracker (MPPT) or an impedance matcher. It is an 
electronic device installed to ensure the best performance 
possible under changing weather conditions. Some 
controllers also include overspeed protection should the 
motor run dry. In operation the controller matches pump 
performance to the array output under varying temperature 
and radiation levels. To better understand the function 
see Appendix 1 - I.V. Curves or Mono/Suntron technical data 
booklet [1]. 
Controllers have been one of the least reliable components 
in solar pumping installations. They are particularly 
susceptible to lightning strikes and incorrect wiring 
(reversed polarity). In the past they have not been 
included in some designs because of this perceived lack of 
reliability. 
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With improvements in the technology, and more awareness of 
the cost benefits, controllers are now standard on most 
ins ta 11 at ions. 
iv) Motor/Pump Subsystem 
Depending on the particular design, tbe motor/pump 
subsystem may be very similar to a conventional pumping 
system. The main difference is likely to be the el.ectric 
motor. Most systems, whether submersible or ground 
mounted, use brushed de motors which necessitates 
periodic servicing. In the case of pumps at ground level 
this may be a simple operation; it may even be practical to 
exchange the whole motor, returning the original to a 
workshop for repair. For submersible pumps routine service 
is more difficult and may be as troublesome and labour 
intensive as servicing a windmill. 
Experience in both Australia and in other parts of the 
world indicate a move to ac motors powered by a de to ac 
inverter. These systems are more expensive but require 
less maintenance. 
Another alternative is brushless de motors. 
suitable motors are still not fully developed. 
TEST FACILITIES AVAILABLE 
To date 
Murdoch University Energy Research Institute has a National Energy 
Research, Development & Demonstration Council (NERDDC) grant to 
develop a solar water pumping test facility. The work mainly involves 
pumps for remote areas. In operation the test facility will: 
a) Assist in the development of a standard test method for solar 
pumps. 
b) Assist industry in development of monthly and yearly performance 
data for various locations. 
c) Evaluate commercially available pumps. 
d) Develop minimal specifications for solar water pumps. 
e) Communicate with similar bodies in Australia and overseas. 
Testing and evaluation of floating, surface mounted or submersible 
systems can be carried out. Bore depths of up to 30m can be 
simulated. 
The performance is recorded on a data logger and analysed by computer. 
A typical graph is included in Appendix 2. 
ECONOMIC COMPARISON 
This economic comparison is based on the method used by Kenna and 
Gillet [2]. So far this paper has dealt only with technical consider-
ations. Although solar pumps are generally more reliable than other 
systems, economic considerations can make them impractical. This 
section of the paper gives a method of evaluating economic consider-
ations. It should be noted that the method below ignores such points 
as convenience, reliability and social benefits. 
Economic appraisals usually look at the following: 
a) Payback Period - the time required for the initial investment 
to be paid back by benefits 
b) Rate of Return - the rate of return on investment in terms of 
benefits gained 
c) Life Cycle Costs -cost benefit analYsis over the life of the 
system 
Life cycle costs are usually used. 
The six steps to evaluate pumping systems are set out below: 
1 Calculate the hydraulic energy required for each month 
2 Determine the design month 
3 Size the pump and power source 
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4 Determine the installed capital cost of the whole system 
5 Determine the recurrent costs: 
a) Replacement costs 
b) Maintenance costs 
c) Operating costs 
6 Calculate life cycle costs 







1 Calculate hydraulic energy required each month: 
This is a simple calculation being a function of the volume 
required and the depth to water; ie: 
9.81 x m3 per day x Total Head in Metres 
1000 
The result is in MJ. 
2 Determine the design month: 
If it is a stand alone system the design month will be the worst 
month for sunshine or wind. For a diesel pump you may have to 
consider the time of the year when the area may be inaccessible 
for fuel deliveries. If the installation is to reduce 
conventional fuel costs (has back up power), more flexibility is 
available. 
3 Size the power source and pump: 
Select the appropriate pumping system to meet the requirements 
calculated above. 
The economic analysis period must now be decided. It is usually 
the 1 ife of the system but may be 1 imited to the 1 ife of the 
water source. 
NB: The final four steps require data which may not be available. 
These are: 
a) Cost of components 
b) Life of components 
c) Maintenance costs 
d) Fuel costs 
4 Capital costs: 
The initial cost of the system can be determined using the 
results from part three. It must be remembered that the size 
(and cost) of the tank and pipework will depend on the type of 
system selected. 
5 Recurrent costs: 
Cost of replacements: 
These can be difficult to accurately predict. Here are 
some guide lines: 
a) Pump/motor 7 years 
b) Piping 5 years 
c) PV array 20 years 
d) Tank Depends upon material 
e) Windmill 30 years 
Maintenance and repair costs: 
Again, these can be difficult to predict. Costs vary with 
location, availability of staff, frequency of failures, 
etc. 
Operating costs: 
This cost refers to fuel costs for the diesel and the cost 
of back up fuel for wind and solar installations. 
6 Life cycle costs: 
This is the sum of capital and recurrent costs over the chosen 




Windmills are still the most popular source of water pumps in remote 
areas of Australia. Diesel powered pumps have been found to be less 
reliable and to require continual attention. Solar powered pumps are 
still very expensive but are gaining popularity in applications where 
they are cost competitive. 
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APPENDIX 1 
I. V. Curve 
The IV curve of a solar photovoltaic module graphically represents the 
interaction between current and voltage generated by the module under 
changing conditions (see Figure 1). 
Under steady radiation and temperature (ideal conditions) the output 
current will follow the curve as the operating voltage rises. That is 
from a short circuit current (zero volts) to open circuit voltage 
(zero current). In configuring a solar PV installation it is most 
important to make the system operate in the area of the 11 knee 11 of the 
curve. Here the product of the current and the volts (the electrical 
power) is at its highest. During any day the radiation and 
temperature change continually, making operation at the knee 
imposs i b 1 e without some type of contro 1. This contro 1 may be a 
battery which will hold the module at the battery voltage but is more 
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